
The Deermination of Pore Structure in Graphites from
Low Pressure Gas Flow Measurements
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Intductlon

It Lr .'..ntial' to dat r.ll'n th. ¡b¡.
rtn¡ctur. ln Dollgr¡nul,rr gra¡¡hlte. tn ordcr to
und€Fta¡ú a¡|d p¡edlct 8t¡n¡ctu¡a-¡elated
p¡ioFrtl!, ruch ar rt¡angur a¡td @rroll'on
!a!1atano., ¡¡rd hcn¿.o to alsara trha uttUty a¡|d
¡nrfon¡noa ol thesé natorla¡t for diffalant
a¡Dll.c¡tlons, for cra4ple tn tho nucLa¡ ¡¡ourr
lr*tu¡t¡ry. lSdal ¡p¡. rtn¡ctu¡a ¡E¡.Dt rr Ln
gra¡ihitra and othor ¡bror¡r [Edla Hy bo doto¡¡¡l.¡¡c<t
frc nrru¡aDnt¡ of gaa tranr¡brt Drolrrtia!.
It|a Dch¡nl'r¡ of g¡¡ tranrtbrt ls g['n rnad ]'atgcly
Dy th. ratlo of (1) tl|. nld.r of gr. ph¡r. lnt r-
DLcr¡llr cot.ll.l'ona ln th. ¡rora. to (1t)
DJacdL-fb!. yall @lltrl,onr. tirt¡ latlo !r
¡rrolbrtlon¡l to th. r¡tlo ot th. DLcr¡Lr nan
f¡¡.. D¡th .¡d tl|. ¡br. r1r.. l!h. D¡n l¡.. ¡rath
1r lnearlaly plo¡rortl'onal to total pralaula ¡nd
p¡aelou¡ rnrrysaa of ga! t¡¡nsgort D¡roFrtl! ln
gralñlt.! ' hrr¡o b..n conftn d to h19ül
IlR¡rturtr. (- IOO l¡la) r.üo¡o tt¡ eff¡ct¡ of
Dlcul-Fr. ur¡¡l colu,tlon! c.ar¡ ba n gt€ctad
(1... rc¡ccr¡lar dl.ffurlon and p.rDation occur).
fn out aulLr DaDar', loy praslura
(( 15 ¡<l¡) hcltreargon diffu¡ton d¿ta nr.
r.¡Drtad for thloa naclolxrrou¡, poltq¡anulr¡
gra¡thit.r. It ua¡ conclud.d t nt¡tle.ly th¡t
Dlacr¡L-Fla ue¡.l colllllon¡ u.r! dütn¡nt (1.c.
Xnud¡.n dlffu¡lon occurlrd). Iñ1r lr¿Fr ple,.ntr
a nau an¡llrrl'r ol ar-üllar laau¡tl, ¡rÉ E1eaa
artt!¡ta¡ ot rcdal ga¡ ttanrlbrt tbrt¡ rtn¡ctl¡¡t¡
¡¡ar¡rtat'r for tha clra rihala botl¡ ooltlrt'on tllrar
.¡. Lsrorta¡rt (1... tr¡nrt'tlon illfÁ¡rton).

lE,.rLcnt¡¡

_ A ftdk -K¡lLnbrch .¡E.ratu¡ d.rsrlb.d
bofo¡¡r¡ rla¡ uaad to - ¡tura tha counta!-
dlffr¡rton of, E and lr through thr.. trotro¡rtc
¡blygrrnul¡r gr{ñtt... :tir. gra¡,htt r ¡¡l nuclcar
gredcr. ¡lobaElc flo¡rr uara d.tarltnad at dLnt
tan¡rraturar a¡|d at totrl pr.aru¡i.r Datrracn O.l
a¡É 15 ¡(Pa. t'bl€ fr¡ctlon gradlnt¡ actoaa th.
ra$rlo r,.!a ¡atntalnad conrtant at unlty.

A¡rab¡ala

An aff.ctisr gar tn¡rrlbrt d.lfÁ¡elvtty ln i¡o-
t¡¡opfc polour ndl'a D¡y b. dl.fln d .¡

Dt - üIR:LI¡IAPA¡I, (1 )

r.ña¡e_atr ir ttÉ rcIe¡ floy Eato of ga¡ i
thfg|$l¡;¡ !a4,L of Lngth f¡ Frr¿ll' l to fld and
l¡.].}.:igt¡r1 to fl*, R l¡ tlr. gE¡ con¡tüt, A l'

th. ab.olut taü¡r.ratur., p ls thc total p¡aaau!.
¡rú A¡r 1r th. E¡¡ frastton diff€!.no.
for t iicror¡ L ( for thi¡ yortc ef - r ).

on th. ba!1s of a tortuou! cyll.ndrlcal
caplllary rcdel for-ths gar trana¡¡ort $o!es 1n
laotroplc graphltca', D. nay b.
d.totrln d fm sLqrl€ Éolecr¡l¡r c€llj.!1on
dlm.dcr rr ¡ ú¡nctl'on only of p,

Dt - 
n.rr.f'-rt xl(p,r)u(r)dr. ( 2 '

Ectu¿tton (2) tr a lregon or¡¡ flt¡dho¡.ü oquatlon¡
th. k rm,l 1¡ a ñ¡nctlon only of p ¡¡rd of
traillblt c.pllf¡¡ry radlur r,

Kl (P,r) = (atr ' , /P) In f  (brpr+l ),u (c1pr+1 ) I  ,  (  3)

vher! ar, br ürd c{ a¡a knovr¡ con-
¡ta¡rtr.-,1'lr'¡nrr rtructurc functton is glvcn D|y

u(r) - t | t lp[(r)/q, (4)

yho!. N,|r 1r th. nLnb.r dLn¡lty of trans¡rort
ca¡rtll.attcr, Ps(r) i¡ the dl¡tri"button
functton of r,'&d q t¡ a gcoDtrtc tortl¡o3lty
factor.

t alu.a for D. aro dctetlin¡d a¡qrori-
Dntrlly f¡¡il (1). -Iho 

Drbl€ü lr to .rttnat
Ir(r) frot (2). I lca¡t fg¡¡¡.. solutton t¡
unrtrbl'. Ar¡ aatlnrta of g(r) can ba
fi¡Éntrh.d ry th. úthod of !.9!,¡lr.rlratton qgto!'rd
ylth q norFn gattytty conrtE¡tnt for
Pr.(r)t. tha doconeo¡,utad currna Dy
tñ¡n be nonrltr.d to untty to gler I e¿Iua for
[rrlq rnat to 91r,. a dlrtrlb¡tlon cuF$r
P;( r).

f,l!lt,'ng fo¿lr of (2) .¡. u.U knowr at
hlgh dnd 1or prclrunc r,2. Ragutariratton 1a
a¡rfrltcabL only to thc ca.ge of t¡an l.tion
dlffurl,on.

nalult! a¡d Otsq¡lslon

:Iña gtalrhltcr ur.d a¡c sumr¡l.a€d ln Tabl€
l. FÍgula 1 lhoea Ean currl.r of the cffcctl'ec
d.lffi¡rtvltlor for E anal Ar. Thc tro cure.r for
.¡ch gta¡rhlta rhoy that coafflclGntr r¡a conrtlnt
at lc p¡.!ru¡!! ard d€cri¡la for hlghcr
p¡!!au¡!!. lrü (2) thl's l'ndl'cütcs flor ¡rarrlng
f¡il pr¡¡. Xnuda.n dlffusl,on to tranrltlon
d.lffu¡ion. Ího onr.t of tr¡¡r¡ltlon dlffualon
occun at dcc!¡earl'ng prassu¡a for gr¡¡thltcr of
nain¡lfy furc¡aarl¡g Ea¡r port antranca dl.lrtcr,



tab¡.a 1. suma¡? of pore stn¡cturc and cr.s
ft¡ns¡bÉ p¡o¡r.rtlc¡.
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Flgur€ l. Eff€ctl\'c dlffurj,vity elrrur ¡rr..rur¡.
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l¡bl€ 2. Estr-nat€d car Trrnstb¡t po¡e Stn¡ctu¡ep¡rramter8.
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thlr 1r conrl¡t.nt ytth Da¡t f¡aa l¡ath argrDntr.
For..ch gEa¡ñlt. th. ratlo D_ /D_
¿pfrsart con¡tant ylth r man 3f21üz r O.31,
cf . thc tlro¡iattcal va1|l3 of ,ñ - 3.16, batng
th. r@t of tl¡. ratlo of Dl' cr¡hr Etght¡ for Ar
andl Ea. In tho rürga o! aq'aalDntrl ptrtautu,
D!¡al¡l¡r dltfi¡rton do.a rrot occur rtnoa tha
dtftl¡rtvttt r do not ob.y ¿ a.ctproc¡l !.¡¡tton
ytth pB¡r¡ur. .r rrould b. .{r.c*ad for thlr r.gtr
f r 6  ( 2 ) .

t3'tfntad 9Ú tr¡¡r|¡,ott ¡br. ,trr.¡ctu¡r
factorr a¡. |tD¡rl¡ad h A¡bL Z. Dt¡Ertbution
currlr for ¡rora radtl a¡a in ttgura 2. tlar¡ rad1l
d.t ¡n1n d for gEr¡,hlt r A, E .¡rat C fro¡ th.
laguLrlrcd orEYraa ara o.¡t5 ltt, L.32 ltt
üú 3.98 l¡¡ ¡i.rp.ctte.1y, full+dtlFh¿lf-
laxln¡t va¡,r¡a¡ a¡a o.za p¡,. o.57 Í¡ a¡d
I.29 ¡¿¡. !h.'. figu!.r caÍra¡r urll yltlr r¡¡lpoBa antranca d.trptarr (p.E.D.¡) fril Drcul?
¡broalrtt17. l/alr¡ea for lfñ and q agrca ¡reU
eÍth thoe caJ,culatcd !¡o¡'rcIocula¡: (tlffurtvlty
anil pormabllity data (p ¡ IOO lcpa). fr.n!l.üy
cl¡¡reQr f¡ü ¡.gularkatton a¡¡ ¡r¡ibr to thor
froo tg PorotlDtr.t7, thu¡ tt agg..r! urat gas
trar¡r¡blt 1r govrrned by con*rig"tlonr tn the
¡ro¡¡ar rlncr lt ls ytlt k¡royn that ¡¡orosLDtry t
atnl¡¡rly corútralnad. An¡rlyllr luggcst¡
- lot of. thc of¡n porollty 1r tNrole.d ln ga¡
tran¡tbrt.

A r|.r rthod has be€n deeelo¡r€d to
.att¡ata Lnalclnnd€ntly trarrlport ¡ro¡¡e at¡L¡cture
qrt."9:n in 1rotroptc pot¡granuiar graghltes.
$r Dthod lnnolr¡.r an ty.lng tl¡ va¡Iation oe
.t6.ctle. bl'ru¡ry gar dl'ffurleity ,rl'th p¡rlru¡. in
th tra¡rlt1on ¡.gLr bctsrcn grrro Xn,.ñrn
dt'tá¡¡l'on aDd ¡x¡¡a rcl¡c,r¡l¿¡ diffurlon.

¡ckrpyLdo@nt

tf¡ tlrrn¡( tt¡ gtRC .¡rat tlr UKtEt foE
tlnarcl¿f ru¡rfroÉ.

llgu¡i€ 2. Po¡¡a radlur dl¡trl¡ut1on curnr¡.
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